Background Although the references recommended for the Orthopaedic In-Training Examination (OITE) have been evaluated in certain subspecialty domains, suggested reference level of evidence (LOE), impact factor, and citation age have not been evaluated comprehensively to our knowledge. Questions/purposes We present an analysis of all references cited in the OITE recommended readings for each test question including the duration of time between their initial publication and their use in the OITE, which we defined as citation age, LOE, and the impact factor of the journals referenced.
Introduction
The Orthopaedic In-Training Examination (OITE), first administered in 1963 by the American Academy of Orthopaedic Surgeons (AAOS), has become a cornerstone in the educational evaluation of orthopaedic surgery residents. Its initial intentions were to help orthopaedic surgery residents and residency programs evaluate the effectiveness of their education programs, as measured by residents' knowledge relative to their peers [9] . Interest in improving residency education is increasing, with an expansion in the number of studies evaluating the topic [10] and introduction of new initiatives by the Accreditation Council for Graduate Medical Education, such as mandatory orthopaedic skills training during the intern year.
OITE performance correlates with successful completion of the American Board of Orthopaedic Surgery (ABOS) Part I Exam [5, 14] . One investigation examined the effectiveness of online and review texts as an ideal means of preparing for these tests [8] . Understanding the types of references recommended for review by the OITE and what journals or texts these references come from, however, may provide insight for educators to design effective and optimal educational curricula (with the goal being the ability to teach residents orthopaedics and at the same time cover the relevant topics targeted on the OITE and boards). Although one study evaluated the levels of evidence (LOE) of the references cited by the ''clinical management questions'' on the OITE [3] , the overall LOE of the references cited by OITE questions, to our knowledge, has not been evaluated. Likewise, an analysis to determine whether the references are reasonably current, and an analysis of the quality of the journals from which the references are drawn using an external benchmark, such as the impact factor [15] , to our knowledge, has not been performed.
We therefore (1) provide a comprehensive description of the references most frequently recommended by the OITE including the citation age of the references cited; (2) evaluate the LOE of all journal references cited, with a breakdown by subspecialty section; and (3) provide an analysis of the impact factor of the journal references cited.
Materials and Methods
The AAOS provides a test key for each yearly administration of the OITE, which indicates the subspecialty Each of the recommended reading references was obtained, and the following information was gathered: test year, question number, subspecialty domain, citation age of publication (integer difference between test year and year of each reference's publication), LOE, and impact factor. LOE and impact factor were applicable only to the journal references. The LOE was ascertained by one reviewer (BDH) blinded to the test year and question. The LOE was determined using well-described metrics (eg, Level I = well done randomized control trials and systematic reviews of Level I research; Level V = nonsystematic reviews and expert opinion) [3, 17] . In the situation where an editorial staff reported the LOE in the manuscript, it was used if the authors agreed with their determination; there were no instances where a discrepancy occurred. In any situation where the LOE was unclear, three reviewers (BDH, PHY, MDH) reviewed the reference in question to determine the appropriate LOE.
Impact factor is a calculated metric, produced by the Institute for Scientific Information (ISI) and Thompson Reuters (an international media corporation), which determines the average number of citations a journal's papers receive during a 2-year (or 5-year) period. This metric does not apply to text or multimedia sources. The calculation is performed by dividing the number of times articles published in a particular journal, in the preceding 2 years, were cited in indexed journals by the total number of citations published in that journal during the same period. Although this metric provides an approximate estimate for the relative importance of a particular journal in its subspecialty field, it comes with certain limitations. The measurement is more relevant as a metric of an overall journal as opposed to an individual specific article, as it aggregates the citations of all articles of a particular journal [15] . The calculation also may not be entirely accurate, as it assumes an arithmetic mean as opposed to a geometric or exponential increase in citation volume [1] . Furthermore, editorial boards can adopt policies (eg, coercive citation) to artificially inflate their journal's impact factor calculation and subsequent perceived importance [16] . The 2-year impact factor was used in our analysis, which is a measure that reflects the average number of recent citations of a journal during a 2-year period [15] . To minimize the inherent temporal variability with this metric, the impact factor was obtained at one time (April 1, 2013) for all journals using the ISI web interface [15] .
The recommended readings for all questions on the 2010 to 2012 OITE were included in our analysis. This includes questions removed by the AAOS for scoring consideration after the exam for various reasons, such as ambiguous answers or unclear wording. We made the decision to include these references as we believed the selected references provided valuable information regarding the quality and spectrum of the references provided by the AAOS.
Means and SDs were calculated for continuous variables. Comparisons between the LOE, impact factor, and citation age were drawn between subspecialty domains across test years and in subspecialty domains in the same test year via ANOVA. Statistical significance was set at a level of 0.05 or less. All statistical analyses were performed using SPSS 1 software (Version 18; SPSS Inc, Chicago, IL, USA).
Results
There were 1817 recommended reading references, including 1337 journal article references (75%), 469 text references (26%), and 11 multimedia sources (0.8%; eg, websites, instructional DVDs). Of the 1337 journal articles, 99 articles (7%) were cited more than once. The three most commonly cited journals were The Journal of Bone and Joint Surgery (American Volume; JBJS), Journal of American Academy of Orthopaedic Surgeons (JAAOS), and Clinical Orthopaedics and Related Research 1 (CORR 1 ) ( Table 1 ). The two journals from which articles were repeated most often included JBJS with 18 repeated articles, and JAAOS with 28 repeated articles ( Fig. 1) . Moreover, these core journals were commonly cited across subspecialty domains ( Table 2 ). The three most commonly cited text references included: Orthopaedic Basic Science: Foundations of Clinical Practice, AAOS Comprehensive Orthopaedic Review, and Skeletal Trauma: Basic Science, Management, and Reconstruction (Fig. 2 ). The mean citation age of the selected references was 8.3 ± 7.4 years across the study period; references did not show differences regarding citation age across the study period ( Table 3 ). The calculated reference citation age ranged between 0 to 55 years, with the oldest referenced study published in JBJS (1955) . Of the suggested references, 7.8% were published in the year of or the year before the test administration, while 45.9% of the references were published within 5 years of the test year, and 27.8% were published greater than 10 years from the test year.
Regarding the journal articles referenced, the mean LOE of the selected references was 4.6 ( Table 4 ). Regarding frequency of LOE, Level I research represented 3.0%, Level II 8.0%, Level III 11.5%, Level IV 25.2%, and Level V 52.5% of the studies referenced during the 3-year period. The mean LOE each year was consistent throughout the studied period ( Fig. 3) . In contrast to the other subspecialty domains, the Spine domain had a higher average LOE Similarly, the impact factor across the subspecialty domains did not differ with the exception of the Spine and Basic Science references, which were more likely to be published in higher-impact journals (Basic Science impact factor, 7.16 ± 12. 67; Spine impact factor, 5.73 ± 12.08; p \ 0.001) (Appendix 2. Supplemental material is available with the online version of CORR 1 ) ( Fig. 4) , although the observed effect size was small (F-Ratio, 5.917). Specifically, the journals referenced in the Spine section had a higher impact factor compared with the journals referenced in the Foot and Ankle, Hand, Hip and Knee Reconstruction, Musculoskeletal Trauma, Rehabilitation, Shoulder and Elbow, and Sports sections (p \ 0.05 for all comparisons), while the journals referenced in the Basic Science and Tumor section had a higher impact factor compared with the journals referenced in the Foot and Ankle, Hand, Hip and Knee Reconstruction, Musculoskeletal Trauma, and Shoulder and Elbow sections (p \ 0.05 for all comparisons).
Discussion
The OITE was created to serve as a benchmark for resident performance and as a tool to gauge an individual residency's educational program [9] . Given its ubiquity in resident education and its prognostic relationship with the ABOS Part I Exam [14] , the OITE has become an important force in shaping orthopaedic curricula across the country. Accordingly, some studies have been conducted evaluating orthopaedic education, with specific emphasis on the OITE [3, 10] . As clinicians and educators increasingly emphasize evidence-based care, it is unknown if the OITE has followed suit. Understanding the types and sources of references being recommended for OITE preparation might help educators to design appropriate curricula and resident reading lists. To our knowledge, no prior study has performed a comprehensive assessment of the LOE, citation age, or impact factor of the references and journals suggested by the test writers of the OITE. We therefore performed an analysis of the references recommended for the OITE and an appraisal of the LOE of all suggested references, the impact factors of the journals referenced, and the mean citation age of the references cited during our study period.
Our study has several limitations. First, we were unable to provide any correlation between the LOEs of references and impact factors of journals referenced and the performance on the OITE, such as percentage of test-takers correctly answering a test question. Second, because of changes to the Basic Science, Tumor, Rehabilitation, and Orthopaedic Diseases sections, certain domains provided fewer citations for evaluation, which may skew the results of our LOE and impact factor analyses. It also was difficult to assign a given question to a given subspecialty, as in many cases the citation applied to both. Third, the LOE is not necessarily an indicator of a study's quality, since high- quality Level IV case series may coexist with Level I studies which are of low quality owing to factors other than those used to assign a LOE, such as sample size, statistical analysis, or loss to followup. Finally, while LOE provides a general framework of a study's strength, it may fall short in a well-done nonsystematic review. Another limitation of our study is that focus on LOE and impact factor diverts attention from the overall focus of the OITE, which is to assess trainee knowledge. The heavy reliance on the JA-AOS, which tends to focus on nonsystematic review articles (Level V evidence), may reduce the overall LOE in the OITE as an artifact. We also are unable to comment on the differences in LOE between article types (eg, original research, review article, meta-analysis); this analysis is outside the scope of our study, and remains a topic we plan to study in subsequent investigations. The importance of general orthopaedic journals is underscored by our results and is consistent with previous reports that suggest that these publications are useful for OITE preparation [10, 11] . Regarding the journals referenced, there have not been significant changes in recent years, as the three most commonly cited journals remained unchanged (JBJS, CORR 1 , and JAAOS). The prevalence of JAAOS articles being referenced may explain the relatively high prevalence of Level V literature cited, as they primarily publish nonsystematic reviews. The most commonly cited texts included classic textbooks such as Skeletal Trauma, and Lovell and Winter's Pediatric Orthopaedics. We separated Orthopaedic Knowledge Update into subspecialty sections, which likely accounts for its lesser prevalence in our list. Nevertheless, our list of the most commonly referenced sources confirms that the most well-known and widely read journals and textbooks are well represented on the OITE, consistent with the sources that have been anecdotally most emphasized in our resident training program. That more than 1 . 4 of the referenced articles have a citation age greater than 10 years probably reflects the inclusion of papers that are likely to be included on the OITE for several years beyond their initial publication date. In contrast, nearly 1 .
2 of all references were published within 5 years of the OITE administration year, indicating that questions tend to be updated regularly.
Our review of the 2010 to 2012 examinations shows that most of the studies cited by the OITE are Levels IV and V papers. The high percentage of Level V citations may suggest the relative importance of reviewing contemporary review articles in preparation for the OITE, consistent with previous assessments of the OITE [3] .
Although the Spine section was shown to have higher average LOE, the practical relevance of this finding is questionable, as the LOE for all but two of the sections (Basic Science & Tumor, and Basic Science and Orthopaedic Diseases) numerically round to Level IV work, and is consistent with our overall results. While the interpretation of LOE has been shown to have questionable reproducibility [12] and the LOE is not the ultimate determinant of a paper's quality, it provides a framework for the reader to evaluate the potential bias present in a study's design. In general, Levels I and II evidence is preferable, however, such randomized and/or nonrandomized prospective studies are not always possible for various reasons and situations (eg, a randomized controlled trial of a very rare congenital orthopaedic condition). Nevertheless, our findings show a similar proportion of Levels I and II literature to the reported values reported by Cunningham et al. [4] who observed a trend of increasing LOE between 2000 and 2010. Given the preponderance of Level V evidence, a large proportion of which was comprised of JAAOS review articles, devoting a larger proportion of an orthopaedic resident's educational curriculum and reading list toward these kinds of articles may be a more efficient and efficacious way of preparing residents for the OITE and general orthopaedic knowledge.
Orthopaedics as a field is recognizing the need for higher-quality evidence, with some studies drawing light to the impact factor of journals [6, 7, 13] . Although the impact factor of orthopaedic journals remains low relative to other specialty journals, this is not surprising given the relatively small size of the field compared with specialties such as internal medicine. For the OITE, recognizing where the references suggested are coming from (ie, highversus low-impact journals) is important to evaluate what information orthopaedic residents are expected to know, and provide a foundation and some structure to OITE preparation. Our data suggest that the literature for the Basic Science and Spine sections comes from higherimpact journals. Amiri et al. [2] reported a direct correlation with impact factor and higher LOE in the spine literature. Our data, particularly in the Spine section, confirmed this trend. However, because the majority of basic science literature is Level V, this correlation does not hold in this section. Our data suggest a role for the review of high-level general orthopaedic journals, and review articles in particular, in preparation for the OITE, given the preponderance of such articles in the suggested references on the OITE. However, focusing on the review of such articles may be less efficient for the busy orthopaedic resident preparing for the OITE than other strategies, such as completing practice questions from previous OITE examinations, which we believe may be a fruitful topic for future study. We hope our data will serve as a baseline for future studies to evaluate the improvement in quality of the references cited on the OITE. Perhaps more importantly, however, as residents prepare and as educators advise their residents for their preparations for future OITE exams, we hope that our findings will help guide study to be more efficient and high-yield. Fig. 4 A graph shows the mean LOE, impact factor, and citation age of the journal articles according to subspecialty domain cited by the OITE (2010-2012). Statistical significance was observed in the Spine section (LOE and impact factor) and the Basic Science section (impact factor) (*p \ 0.001). No difference was observed with respect to article citation age.
